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(57)Abstract: 

PURPOSE: To manufacture a high-output 
semiconductor device having excellent heat radiating 
characteristics at a high yield. 

CONSTITUTION: The semiconductor device has such a 
structure that a transistor cell 15-is mounted on a via 
hole 13 filled with a metal 13a or another low- thermal- 
resistance substance independently from a 
semiconductor substrate 1 used at the time of 
manufacturing the semiconductor device in an island-like 
state. Therefore, such a structure and process which do 
not allow the cracking of substrates can be realized even 
when the substrate thickness in the transistor cell section 
is reduced to <30nm with the purpose of improving the 
heat radiating characteristics of the semiconductor 
device. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the semiconductor integrated circuit equipment which has the transistor which operates 
with a high frequency band It has a semi-conductor substrate, the Bahia hall prepared by penetrating this 
substrate, and the unit or two or more transistor eels which were prepared on this Bahia hall. This unit or 
two or more transistor eels are a semiconductor device characterized by being independently formed 
from the surrounding semi-conductor substrate on the ingredient of the low thermal resistance nature 
filled up with the inside of this Bahia hall by the side of this substrate principal plane. 
[Claim 2] It is the semiconductor device characterized by being the **** transistor semiconductor 
device which, as for the above-mentioned transistor eel, the laminating of the semi-conductor layer is 
carried out to the order of a semi-insulating substrate and a layer of operation from a lower layer in a 
semiconductor device according to claim 1, and has a source electrode, a drain electrode, and a gate 
electrode on this layer of operation. 

[Claim 3] It is the semiconductor device characterized by being the heterojunction bipolar transistor 
semiconductor device which, as for the above-mentioned transistor eel, the laminating of the semi- 
conductor layer is carried out to the order of a semi-insulating substrate, a collector layer, a base layer, 
and an emitter layer from a lower layer in a semiconductor device according to claim 1, and has each 
collector electrode, a base electrode, and an emitter electrode on this collector layer, a base layer, and an 
emitter layer. 

[Claim 4] It is the semiconductor device characterized by being the heterojunction bipolar transistor 
semiconductor device which, as for the above-mentioned transistor eel, the laminating of the semi- 
conductor layer is carried out to the order of an emitter layer, a base layer, and a collector layer from a 
lower layer in a semiconductor device according to claim 1, and has a base electrode and a collector 
electrode on this base layer and a collector layer, respectively. 

[Claim 5] Between the process which forms an unit or two or more transistor eels on a semi-conductor 
substrate, the process which etches the front face by the side of the principal plane of semi-conductor 
substrates other than this transistor eel to the predetermined depth, and the above-mentioned transistor 
eel and a semi-conductor substrate The process which forms the metal membrane for fixing this 
transistor eel to the above-mentioned semi-conductor substrate. By etching from a background and 
forming the Bahia hall until the above-mentioned metal membrane which fixes a transistor eel exposes 
only the part under the field where this transistor eel of the above-mentioned semi-conductor substrate 
exists The manufacture approach of the semiconductor device characterized by including the process 
which separates this unit or two or more transistor eels, and the semi-conductor substrate under it from a 
surrounding semi-conductor substrate, and the process filled up with the low thermal resistance nature 
matter in the above-mentioned Bahia hall. 

[Claim 6] The process which forms an etching stopper layer in the above-mentioned semi-conductor 
substrate in the manufacture approach of a semiconductor device according to claim 5 before the process 
which forms a transistor eel on the above-mentioned semi-conductor substrate is included ftirther. The 
process which etches the front face by the side of the principal plane of semi-conductor substrates other 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdl.jpo.... 7/28/2004 



c 



Page 2 of 2 



than the above-mentioned transistor eel to the predetermined depth The manufacture approach of the 
semiconductor device characterized by being what performed by etching the front face by the side of the 
principal plane of semi-conductor substrates other than the above-mentioned transistor eel to the front 
face of the above-mentioned etching stopper layer. 

[Claim 7] The process which forms a transistor eel on a semi-conductor substrate, and the process which 
etches the front face by the side of the principal plane of semi-conductor substrates other than this 
transistor eel to the predetermined depth, The process which forms the mask which covers the above- 
mentioned transistor eel and carries out temporary immobilization of this transistor eel all over the 
principal plane side of the above-mentioned semi-conductor substrate, Only the part of the bottom in 
which the above-mentioned transistor eel of this semi-conductor substrate exists The process which 
forms the Bahia hall and separates this transistor eel from a surrounding semi-conductor substrate by 
etching from a background until the mask which carries out temporary immobilization of this transistor 
eel is exposed. The manufacture approach of the semiconductor device characterized by including the 
process filled up with the low thermal resistance nature matter in this Bahia hall. 
[Claim 8] The manufacture approach of the semiconductor device characterized by carrying out the 
laminating of the semi-conductor layer to the order of a collector layer, a base layer, and an emitter layer 
from a lower layer, and forming each collector electrode, a **-SU electrode, and an emitter electrode on 
this collector layer, a base layer, and an emitter layer, respectively, and forming a heterojunction bipolar 
transistor semiconductor device on a semi-conductor substrate in the manufacture approach of a 
semiconductor device according to claim 7. 

[Claim 9] The manufacture approach of the semiconductor device characterized by carrying out the 
laminating of the semi-conductor layer to the order of an emitter layer, a base layer, and a collector layer 
from a lower layer, and forming each collector electrode and a **-SU electrode on this base layer and a 
collector layer, respectively, and forming a heterojunction bipolar transistor semiconductor device on a 
semi-conductor substrate in the manufacture approach of a semiconductor device according to claim 7. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the improvement in the property of a 
semiconductor device which operates with the RF band of hundreds of hundreds of MHz - GHz band 
about a semiconductor device and its manufacture approach. 
[0002] 

[Description of the Prior Art] Drawing 7 is drawing showing the conventional MMIC (Monolithic 
Microwave Integrated Circuit, monolithic microwave integrated circuit semiconductor device), and is 
drawing 7 (a). The perspective view and drawing 7 (b) Drawing 7 (a) It is a sectional view in a VII b-VII 
b cross section. Drawing 8 is the top view of drawing 7 . For the GaAs semi-conductor substrate of half- 
insulation [ 1 ], the metal pattem with which a signal input pad and 3 were prepared in the signal output 
pad, and 4 was prepared for 2 on the Bahia hall, and 5, in drawing, the transistor section and 5a are [ a 
drain electrode and 5c of a source electrode and 5b ] gate electrodes. In addition, as shown in drawing 
8 , this drain electrode 5b and gate electrode 5c are formed here so that it may gear to pectinate. 
Moreover, air bridge wiring which wires source electrode 5a of each transistor and the metal pattem 4 
5d, the input matching circuit which adjusts the input signal into which 6 was inputted from the signal 
input pad 2, and 7 are output matching circuits which adjust the output signal outputted from the signal 
output pad 3. The Bahia hall in which fixrther 8 penetrated the semi-conductor substrate 1, and was 
prepared and which was filled up with the metal by the interior, the rear-face metal with which 9 
consists of Au, and 10 are layers of operation which consist of an n mold GaAs layer. This n mold GaAs 
actuation layer is formed of epitaxial growth or an ion implantation. 

[0003] Source electrode 5a is wired [ the signal input pad 2 ] to the signal output pad 3 by the rear-face 
metal 9 at drain electrode 5b at gate electrode 5c through the metal of 5d of air bridge wiring, the metal 
pattem 4, and the Bahia hall 8 interior through the output matching circuit 7 through the input matching 
circuit 6. 

[0004] Next, actuation is explained. In the MMIC semiconductor device of the conventional example, 
the heat generated in the transistor section 5 radiates heat from a chip rear face through the semi- 
conductor substrate 1 while radiating heat through the Bahia hall 8 where the interior was filled up with 
the metal. 

[0005] Moreover, a hole is prepared in the rear face of the component formation section of a substrate, 
and FET for microwave with which the metal was filled up into this hole is indicated by the JP,59- 
172720, A official report, for example. Drawing 9 is drawing showing the metal restoration approach to 
the breakthrough of the substrate by this conventional technique, and drawing 10 is the top view of FET 
for microwave formed using this metal restoration approach, drawing - setting - 1 - a substrate and 41 
- a lower layer resist layer and 42 - a metal layer and 42a - the remaining part of the metal layer 42, 
and 43 - a hole and 44 - for FET and 47, a breakthrough and 55a are [ the upper resist layer and 45 / a 
plated-metal layer and 46 / a drain electrode and 55c of a source electrode and 55b ] gate electrodes. 
[0006] In this conventional example, a hole 43 is formed between FET formed in semi-conductor 
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substrate 1 front face. In this hole 43, it is drawing 9 (a). The metal layer 42 is formed so that it may be 
shown, and it is drawing 9 (b). Except for the formation section of a hole 43, and its rising wood, the 
upper resist layer 44 is formed so that it may be shown, and it is drawing 9 (c). So that it may be shown 
After forming the plated-metal layer 45 on the outcrop of the metal layer 42 by electroplating which 
uses the metal layer 42 as an electrode at the thickness which is extent with which a hole 43 is buried 
The lower layer resist layer 41, the metal layer 42 on it, and the upper resist layer 44 are removed by the 
lift-off method, and the part of a hole 43 is made to unite the remaining partial 42a of the metal layer 42 
with the plated-metal layer 45, and it leaves, and is drawing 9 (d). So that it may be shown The 
breakthrough 47 which performs etching from the rear face of the semi-conductor substrate 1, and is 
connected with a hole 43 is formed. 

[0007] Next, actuation is explamed. In FET for microwave formed using the metal restoration approach 
of this conventional example, the heat generated in FET46 radiates heat from a chip rear face through 
the metal with which the breakthrough 47 was filled up. 

[0008] In addition, although FET is carried as the active element in the above-mentioned conventional 
example, as a transistor in which MMIC is carried, there are HBT (HeterojunctionBipolar Transistor, 
heterojunction bipolar transistor), HEMT (HighElectron Mobility Transistor, high electron mobility 
transistor), etc. other than FET. 
[0009] 

[Problem(s) to be Solved by the Invention] The conventional MMIC semiconductor device was 
constituted as mentioned above, since it was required to make thin semi-conductor substrate thickness of 
the transistor section to about 2 micrometers, and to improve heat dissipation nature of a component, 
when stress, such as thermal stress at the time of soldering MMIC equipment at the time of manufacture, 
was appUed to the semi-conductor substrate, the check and the crack arose in the semi-conductor 
substrate, and there was a trouble that a component broke. 

[0010] Moreover, in FET for microwave shown in the JP,59-172720,A official report, since the heat 
generated in the FET section through the Bahia hall established in the component rear face is considered 
as the configuration which radiates heat, in order to raise heat dissipation nature, it is not necessary to 
make semi-conductor substrate thickness thin. However, in this conventional example, since the 
substrate with which the component is formed, and the substrate of that perimeter were partly connected 
as shown in drawing 10 , when soldering this FET for microwave, and thermal stress joined the FET 
section, there was a trouble of having an adverse effect on a component. 
[001 1] This invention was made in order to cancel the above troubles, it aims at obtaining the 
semiconductor device which has the good heat dissipation nature in which a component does not receive 
an adverse effect with the thermal stress produced in case equipment is soldered, and aims at offering 
the manufacture approach which was further suitable for this equipment. 
[0012] 

[Means for Solving the Problem] The semiconductor device concerning this invention is equipped with 
a semi-conductor substrate, the Bahia hall prepared by penetrating a substrate, and the unit or two or 
more transistor eels which were prepared on the Bahia hall, and this unit or two or more transistor eels 
are independently formed from the surrounding semi-conductor substrate on the ingredient of the low 
thermal resistance nature filled up with the inside of the above-mentioned Bahia hall by the side of the 
above-mentioned substrate principal plane. 

[0013] Moreover, the manufacture approach of the semiconductor device concerning this invention 
After forming an unit or two or more transistor eels on a semi-conductor substrate and etching the front 
face by the side of the principal plane of substrates other than a transistor eel to the predetermined depth, 
The metal membrane for fixing a transistor eel to the above-mentioned semi-conductor substrate is 
formed between the above-mentioned transistor eel and a semi-conductor substrate. After this. By 
etching from a backgroimd until the above-mentioned metal membrane which fixes a transistor eel 
exposes only the part under the field where the transistor eel of a substrate exists After forming the 
Bahia hall and separating the above-mentioned unit or two or more transistor eels, and the semi- 
conductor substrate under it from a surrounding substrate, it is filled up with the low thermal resistance 
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nature matter in the above-mentioned Bahia hall. 

[0014] Moreover, the manufacture approach of the semiconductor device concerning this invention 
After forming a transistor eel on a semi-conductor substrate and etching the front face by the side of the 
principal plane of semi-conductor substrates other than a transistor eel to the predetermined depth, The 
mask which covers a transistor eel all over the principal plane side of the above-mentioned semi- 
conductor substrate, and carries out temporary immobilization of this is formed. Then, after forming the 
Bahia hall and separating this transistor eel from a surrounding semi-conductor substrate by etching 
from a background only the part of the bottom in which the above-mentioned transistor eel of this semi- 
conductor substrate exists until the mask which carries out temporary immobilization of the transistor 
eel is exposed, It is filled up with the low thermal resistance nature matter in this Bahia hall. 
[0015] 

[Function] In the semiconductor device of this invention a transistor eel Since it is independently formed 
in the substrate principal plane side of the Bahia hall which penetrated the substrate, and was prepared 
and filled up the interior with the low thermal resistance nature matter from the surrounding semi- 
conductor substrate Also when substrate thickness of the unit transistor eel section is set to 30 
micrometers or less in order to improve heat dissipation nature, a substrate crack etc. is not produced 
with the thermal stress generated at the time of the soldering activity of a semiconductor device etc. 
[0016] Moreover, in the manufacture approach of this invention, a metal membrane is formed between a 
transistor eel and a matchmg circuit substrate. By etching from a background until this metal membrane 
exposes only the part of the transistor eel bottom of this substrate, after fixing a transistor eel to a semi- 
conductor substrate Since the Bahia hall is formed, a transistor eel is separated from a surrounding semi- 
conductor substrate and it was filled up with the low thermal resistance nature matter in the Bahia hall 
after this, a transistor eel It is independently formed from a surrounding semi-conductor substrate on the 
Bahia hall filled up with the metal. By this The semiconductor device with which an adverse effect does 
not attain to a transistor even if stress, such as thermal stress at the time of excelling in heat dissipation 
nature and soldering at the time of manufacture, is applied to a semi-conductor substrate can be 
produced easily, without a transistor eel coming apart. 

[0017] Moreover, the mask which covers a transistor eel in the manufacture approach of this invention 
all over the principal plane side of the semi-conductor substrate in which the transistor eel was formed, 
and carries out temporary immobilization of this is formed. By etching from a background until the 
above-mentioned mask which carries out temporary immobilization exposes only the part of the bottom 
in which the above-mentioned transistor eel of a substrate exists Form the Bahia hall and a transistor eel 
is separated from a surrounding semi-conductor substrate. Since the above-mentioned temporary fixed 
mask of illuminator was removed after being filled up with the low thermal resistance nature matter in 
the Bahia hall, then, a transistor eel It is independently formed from a surrounding semi-conductor 
substrate on the Bahia hall filled up with the metal. By this The semiconductor device with which an 
adverse effect does not attain to a transistor even if stress, such as thermal stress at the time of excelling 
in heat dissipation nature and soldering at the time of manufacture, is appUed to a semi-conductor 
substrate can be produced easily, without a transistor eel coming apart. 
[0018] 

[Example] One example of this invention is explained about drawing below. 

Example 1. drawing 1 is drawing showing the semiconductor device by the 1st example of this invention 
in case an active element is FET, and is drawing 1 (a). The perspective view and drawing 1 (b) Drawing 
1 (a) The sectional view in an Ib-Ib cross section, and drawing 1 (c) Drawing 1 (a) The sectional view in 
an Ic-Ic cross section and drawing 2 are the sectional views showing the manufacture approach. In 
drawing that the same sign as drawing 7 is the same, or when a considerable part is shown and 12 forms 
the Bahia hall 13 by etching The semi-insulating substrate which consists of GaAs from which it was 
separated from the semi-conductor substrate 1, and thickness was set to 30 micrometers or less, The 
Bahia hall where it fills up with the low thermal resistance nature matter with which, as for 13, the 
interior of a hole consists of a metal which mainly consists of Au, or grease. The metal pattem which 
consists of Au by which the low thermal resistance nature matter with which the Bahia hall 13 was filled 
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up with 13a, and 14 fix to a semi-conductor substrate the transistor eel formed in the perimeter of the 
transistor eel independently formed from the semi-conductor substrate 1 from the wafer front face, and 
1 5 A unit transistor eel, 23 and 24 are gate wiring and air bridge wiring used as drain wiring, 
respectively. 

[0019] On metal 13a with which the semiconductor device in this example 1 was filled up into the 
interior of the Bahia hall 13 and which becomes Au, as an active element, carry out the laminating of a 
semi-insulating substrate 12 and the layer 10 of operation to order from a lower layer, it comes to form 
FET, and this FET is independently from the surrounding semi-conductor substrate 1. Moreover, on the 
layer 10 of operation, source electrode 5a, and drain electrode 5b and gate electrode 5c are formed at the 
configuration which gears to pectinate like the conventional example. Moreover, the metal membrane 14 
is formed in the perimeter of FET as source wiring. 

[0020] Next, the manufacture approach of the semiconductor device of this example 1 is explained about 
the case where especially an active element is GaAsFET, using drav^ng 2 . First, it is drawing 2 (a) on 
GaAs semi-conductor substrate la of half-insulation. Sequential epitaxial growth is carried out and half- 
insulation AlGaAs etching stopper layer lb, half-insulation GaAs layer Ic, and the n mold GaAs 
actuation layer 10 are formed so that it may be shown. It is drawing 2 (b) on the layer 10 of operation to 
the degree. Source electrode 5a, drain electrode 5b, and gate electrode 5c are formed so that it may be 
shown, and the transistor section 5 is formed. 

[0021] Next, drawing 2 (c) Although GaAs etches the front face by the side of the principal plane of 
semi-conductor substrates 1 other than transistor eel 15 so that it may be shown, AlGaAs is etched by 
Mr. Fukashi of the front face of etching stopper layer lb in the wet etching using the etchant which is 
hot etched. 

[0022] Subsequently, drawing 2 (d) The metal membranes 14, such as Au, are formed between the 
transistor eel 15 and the transistor eel 15 and between the transistor eel 15 and the semi-conductor 
substrate 1 so that it may be shown. A metal membrane 14 fixes the transistor eel 15 to the surrounding 
semi-conductor substrate 1 behind. In addition, after a metal membrane 14 forms a pattern in the 
necessary part of the front face of the semi-conductor substrate 1 and forms a thin metal membrane 
using a spatter, vacuum deposition, or electroless deposition, it is taken as the thick metal membrane 14 
using electrolytic plating. Moreover, this metal membrane 14 serves as source wiring which wires 
source electrode 5a, other source electrode 5a and source electrode 5a, and the rear-face metal 9. 
[0023] And drawing 2 (e) The semi-conductor substrate 1 of half-insulation is ground from a rear face 
until it becomes the thickness of 10-150 micrometers, and it is made thin so that it may be shown. 
[0024] Next, although GaAs etches only the part of the bottom in which the transistor eel 15 exists from 
the background of the semi-conductor substrate 1, AlGaAs is etched to the rear face of etching stopper 
layer lb in the wet etching using the etchant which is not etched. Although AlGaAs fiirthermore etches, 
GaAs is etched until the metal membrane 14 which fixes the transistor eel 15 exposes etching stopper 
layer lb in the wet etching using the etchant which is not etched, and the transistor eel 15 is separated 
from the surrounding semi-conductor substrate 1, and it is drawing 2 (f). The Bahia hall 13 is formed so 
that it may be shown. 

[0025] Subsequently, drawing 2 (g) The metal membrane 9 which consists of Au all over the whole 
inside surface of the Bahia hall 13 and the rear face of the semi-conductor substrate 1 is formed with a 
spatter or vacuum deposition so that it may be shown. 

[0026] Subsequently, drawing 2 (h) The Bahia hall 13 interior is filled up with metal 13a which consists 
of Au like. In addition, this metal 13a may be other low thermal resistance nature matter. 
[0027] And the signal input pad 2, the signal output pad 3, the input matching circuit 6, and the output 
matching circuit 7 are formed with a metal pattern, the air bridge wiring 23 and 24 is formed, base 
wiring and collector wiring are performed, and it is drawing 1 (a). The shown semiconductor device of 
this example 1 is completed. 

[0028] In addition, above-mentioned drawing 2 (c) In a process, although he is trying to leave etching 
stopper layer lb also in fields other than the field of transistor eel 15 directly under Although AlGaAs 
etches in this phase By the wet etching using the etchant which is not etched, GaAs Etching stopper 
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layer lb is removed and it is drawing 2 (f). Etching is stopped with the rear face of etching stopper layer 
lb, and you may make it leave etching stopper layer lb only to the rear face of the transistor eel 15 in a 
phase. 

[0029] In addition, it sets to this example 1 and is above-mentioned drav^ng 2 (c). And drawing 2 (f) 
You may make it control those etching by time amount in a process, although the semi-conductor 
substrate in which etching stopper layer lb was formed was used in order to control etching in a desired 
configuration and the desired depth, without using etching stopper layer lb. 

[0030] Next, actuation is explained. The heat generated directly under gate 5c of each transistor radiates 
heat from a substrate rear face through metal 13a with which the layer 10 of operation, the semi- 
insulating substrate 12, and the Bahia hall 13 were filled up and which becomes Au. 
[0031] Thus, while excelling in the semiconductor device of this example 1 for every unit transistor eel 
at heat dissipation nature by forming thinly the substrate thickness of the semi-insulating substrate 12 of 
the transistor 15 bottom which is the exoergic section of a semiconductor device By forming the 
transistor eel 15 on the ductile good Au Bahia hall 13 filled up with becoming metal 13a inside, the 
stress which joins the semi-conductor substrate 1 of an FET eel is controlled, and it is effective in 
excelling in heat dissipation nature and being able to obtain a semiconductor device with a small touch- 
down inductance. 

[0032] moreover, by such manufacture approach of the semiconductor device of this example I A metal 
membrane 14 is formed between the transistor eel 15 and the transistor eel 15 and between the transistor 
eel 15 and the semi-conductor substrate 1. By etching from a background until this metal membrane 14 
exposes only the part of the transistor eel 15 bottom of this substrate 1, after fixing the transistor eel 15 
to the semi-conductor substrate 1 Form the Bahia hall 13 and the transistor eel 15 is separated from the 
surrounding semi-conductor substrate 1. After forming a metal membrane 9 fiirthermore all over the 
whole inside surface of the Bahia hall 13, and the rear face of the above-mentioned substrate 1, by filling 
up the Bahia hall 13 interior with metal 13a the transistor eel 15 Since it is independently formed from 
the surrounding semi-conductor substrate 1 on the Bahia hall 13 filled up with ductile good metal 13a 
The semiconductor device excellent in heat dissipation nature with which an adverse effect does not 
attain to the transistor eel 1 5 even if stress, such as thermal stress at the time of soldering at the time of 
manufacture, is applied to the semi-conductor substrate 1 is easily realizable. 

[0033] Example 2. drawing 3 is drawing showing the semiconductor device by the 2nd example of this 
invention in case an active element is HBT, and is drawing 3 (a). The perspective view and drawing 3 
(b) Drawing 3 (a) The sectional view in an HI b-IIIb cross section and drawing 4 are the sectional views 
showing the manufacture approach. In drawing, a considerable part is shown and 16 is that the same 
sign as drawing 1 and drawing 7 is the same, or an emitter electrode and the mask with which emitter 
wiring and 18 carry out an emitter layer in case in a base layer and 20 a collector electrode and 22 
separate a base electrode and, as for 31, a collector layer and 21 separate a transistor eel from the 
surrounding semi-conductor substrate 1, and, as for 17, 19 carries out temporary immobilization of this 
transistor eel in drawing. 

[0034] The MMIC semiconductor device in this example 2 on metal 13a with which the interior of the 
Bahia hall 13 was filled up and which becomes Au as an active element A laminating is carried out to 
the order of a semi-insulating substrate 12, a collector layer 20, the base layer 19, and the emitter layer 
18 from a lower layer. And this HBT component is independently formed from the surrounding semi- 
conductor substrate 1 using HBT which comes to form each collector electrode 21, a base electrode 22, 
and the emitter electrode 16 on that collector layer 20, the base layer 19, and the emitter layer 18. 
[0035] Next, the manufacture approach of the semiconductor device by the example 2 of this invention 
is explained about the case where especially an active element is HBT, using drawing 4 . The transistor 
eel 15 which a laminating is carried out to the order of a collector layer 20, the base layer 19, and the 
emitter layer 18 from the transistor eel 15 which consists of HBT on the semi-conductor substrate 1, i.e., 
a lower layer, and has the emitter electrode 16, a collector electrode 21, and a base electrode 22 on each 
collector layer 20, the base layer 19, and the emitter layer 18 is formed ( drawing 4 (a)). 
[0036] Next, the front face by the side of the principal plane of semi-conductor substrates 1 other than 
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the transistor eel 15 section is etched into a depth of 1-10 micrometers ( drawing 4 (b)). 

[0037] Subsequently, all over the principal plane of the semi-conductor substrate 1, the transistor eel 15 

is covered and the mask 31 which carries out temporary immobiUzation of this is formed ( dravying4 

(c)). 

[0038] And this semi-conductor substrate 1 is ground from a rear face to the thickness of 10-150 

micrometers ( drawing 4 (d)). 

[0039] Next, it etches from a background, the transistor eel 15 is separated from the surrounding semi- 
conductor substrate 1, and the Bahia hall 13 is formed until the mask 31 which carries out temporary 
immobilization of the transistor eel 15 exposes only the part of the bottom in which the transistor eel 15 
of the semi-conductor substrate 1 exists ( drawing 4 (e)). 

[0040] Subsequently, a metal membrane 9 is formed all over the whole inside surface of the Bahia hall 
13, and the rear face of the semi-conductor substrate 1 ( drawing 4 (f)). 

[0041] And the interior of the Bahia hall 13 is filled up with metal 13a. Here, metal 13a may be other 

low thermal resistance nature matter ( drawing 4 (g)). 

[0042] Next, after removing the above-mentioned mask 31, while forming the air bridge wiring 17, 
performing emitter wiring ( drawing 4 (h)) and forming the signal input pad 2, the signal output pad 3, 
the input matching circuit 6, and the output matching circuit 7 with a metal pattern, the semiconductor 
device of this example 2 is completed by performing base wiring and collector wiring ( drawing 3 (a)). 
[0043] In addition, it sets to this example 2 as well as the above-mentioned example 1, and is drawingj4 
(b). And drawing 4 (e) You may make it control an etching configuration in a process using an etching 
stopper layer. 

[0044] Next, actuation is explained. The heat generated with each transistor radiates heat from a 
substrate rear face through metal 13a with which the semi-insulating substrate 12 and the Bahia hall 13 
were filled up and which becomes Au. 

[0045] thus , while excel in heat dissipation nature for every unit transistor eel by form thinly the 
substrate thickness of the semi-insulating substrate 12 of the transistor bottom which be the exoergic 
section of a semiconductor device , and form a transistor eel for the interior on the Au Bahia hall 13 the 
metal 13 a a become be filled up with a hall , the stress which join the semi-conductor substrate 1 of an 
HBT eel be control , and be effective in excel in heat dissipation nature and being able to obtain a 
semiconductor device with a small touch-down inductance in the semiconductor device of this example 
2. 

[0046] In this way moreover, by the manufacture approach of the semiconductor device of this example 
2 The mask 31 which covers the transistor eel 15 all over the principal plane side of the semi-conductor 
substrate 1 in which the transistor eel 15 was formed, and carries out temporary immobilization of this is 
formed. By etching from a background until the above-mentioned mask 31 which carries out temporary 
immobiUzation exposes only the part of the bottom in which the above-mentioned transistor eel 15 of a 
substrate 1 exists Form the Bahia hall 13 and the transistor eel 15 is separated from the surrounding 
semi-conductor substrate 1 . By filling up the interior of the hole of the Bahia hall 13 with metal 13a, and 
removing the above-mentioned mask 32, after forming a metal membrane 9 fiirthermore all over the 
whole inside surface of the Bahia hall 13, and the rear face of the above-mentioned substrate 1 Since the 
transistor eel 15 is independently formed from a surrounding semi-conductor substrate on the Bahia hall 
13 filled up with ductile good metal 13a The semiconductor device excellent in heat dissipation nature 
with which an adverse effect does not attain to the transistor eel 15 even if stress, such as thermal stress 
at the time of soldering at the time of manufacture, is applied to the semi-conductor substrate 1 is easily 
reaUzable. 

[0047] Example 3. drawing 5 is drawing showing the semiconductor device by the 3rd example of this 
invention in case an active element is HBT, and is drawmg 5 (a). The perspective view and drawing 5 
(b) Drawing 5 (a) The sectional view in a Vb-Vb cross section and drawing 6 are the sectional views 
showmg the manufacture approach. In drawing, a considerable part is shown, and in drav^ng, in case 25, 
air bridge wiring with which 26 becomes base wiring and collector wiring, respectively, and 32 separate 
the transistor eel 15 from the surrounding semi-conductor substrate 1, they are that the same sign as 
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drawing 1 and drawing 3 is the same, or a mask which carries out temporary immobilization of this 
transistor eel 15. 

[0048] This HBT is independently formed from the surrounding semi-conductor substrate 1 using HBT 
which the laminating of the emitter layer 18, the base layer 19, and the collector layer 20 is carried out to 
order by the lower layer on metal 13a with which the semiconductor device in this example 3 was filled 
up into the interior of the Bahia hall 13 as an active element, and which becomes Au, and comes to form 
a base electrode 22 and a collector electrode 21 on the base layer 19 and a collector layer 20. 
[0049] Next, the manufacture approach of the semiconductor device by the example 3 of this invention 
is explained about the case where especially an active element is HBT, using drawing 6 . First, on the 
semi-conductor substrate 1, the transistor eel 15 which consists of an HBT semiconductor device is used 
as the emitter layer 18 and the base layer 19, the laminating of the collector layer 20 is used to order 
from a lower layer, and a collector electrode 21 and a base electrode 22 are further formed on a collector 
layer 20, and the base layer 19, respectively ( drawing 6 (a)). . 

[0050] Next, all over the principal plane of the semi-conductor substrate 1, the above-mentioned 
transistor eel 15 is covered and the mask 32 which carries out temporary immobilization of the transistor 
eel 15 is formed ( drawing 6 (b)). 

[0051] Subsequently, the semi-conductor substrate 1 is ground from a rear face to the thickness of 10- 

150 micrometers ( drawing 6 (c)). 

[0052] And the Bahia hall 13 is formed so that it may etch from a background until the mask 32 which 
carries out temporary immobilization of the transistor eel 15, and the emitter layer 18 of the transistor 
eel 15 expose only the part of the bottom in which the transistor eel 15 of the semi-conductor substrate 1 
exists, and the transistor eel 15 may be separated from the surrounding semi-conductor substrate 1 
( drawing 6 (d)). . 

[0053] Subsequently, emitter wiring is performed, while formmg a metal membrane 9 all over the whole 
inside surface of the Bahia hall 13, and the rear face of the semi-conductor substrate 1 and forming the 
emitter electrode used as an ohmic electrode ( drawing 6 (e)). 

[0054] Next, the interior of the hole of the Bahia hall 13 is filled up with metal 13a. ( drawing 6 (f)) The 
above-mentioned mask 32 is removed ( drawing 6 (g)). 

[0055] And while forming the signal input pad 2, the signal output pad 3, the input matching circuit 6, 
and the output matching circuit 7 with a metal pattern, with the air bridge wiring 25 and 26, base wiring 
and collector wiring are performed, respectively, and the semiconductor device of this example 3 is 
completed ( drawing 5 (a)). 

[0056] In addition, it sets to this example 3 as well as the above-mentioned example 1, and is drawmg_6 
(d). You may make it control an etching configuration in a process using an etching stopper layer. 
[0057] Next, actuation is explained. In this example 3, the heat which has separated the transistor eel 15 
from the surrounding semi-conductor substrate 1, could carry the transistor eel 15 directly on the Bahia 
hall 13 filled up with metal 13a by this, and was generated with each transistor radiates heat from the 
rear face of a substrate 1 by etching the semi-conductor substrate 1 from a rear face through metal 13a 
with which the Bahia hall 13 was filled up and which becomes Au. 

[0058] Thus, in the semiconductor device of this example 3, since the transistor eel 15 is independently 
formed from the surrounding semi-conductor substrate 1 and the emitter layer 18 of the direct transistor 
eel 15 is formed on the Bahia hall 13 moreover filled up with the interior by ductile good metal 13a, it 
excels in heat dissipation nature, and the stress which joins the semi-conductor substrate 1 of an HBT 
eel is controlled, and a semiconductor device with a small touch-down inductance is obtained. 
[0059] In this way moreover, by the manufacture approach of the semiconductor device of this example 
3 The mask 32 which covers the transistor eel 15 all over the principal plane side of the semi-conductor 
substrate 1 in which the transistor eel 15 was formed, and carries out temporary immobilization of this is 
formed. By etching from a background until the above-mentioned mask 32 which carries out temporary 
immobilization exposes only the part of the bottom in which the above-mentioned transistor eel 15 of a 
substrate 1 exists Form the Bahia hall 13 and the transistor eel 15 is separated from the surrounding 
semi-conductor substrate 1. By filling up tiie interior of the hole of the Bahia hall 13 with metal 13a, and 
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removing the above-mentioned mask 32, after forming a metal membrane 9 furthermore all over the 
whole inside surface of the Bahia hall 13, and the rear face of the above-mentioned substrate 1 Since the 
transistor eel 15 is independently formed from a surrounding semi-conductor substrate on the Bahia hall 
13 filled up with metal 13a The semiconductor device excellent in heat dissipation nature with which an 
adverse effect does not attain to the transistor eel 15 even if stress, such as thermal stress at the time of 
soldering at the time of manufacture, is applied to the semi-conductor substrate 1 is easily realizable. 
[0060] Moreover, in this way, by the manufacture approach of the semiconductor device of this example 
3, by the above-mentioned example's 2 making reverse sequence which carries out a laminating to the 
emitter layer 18, the base layer 19, and a collector layer 20, contactmg namely, ohmic joining the emitter 
layer 18 and the metal membrane 9 on the Bahia hall 13, and forming an emitter electrode and emitter 
wiring simultaneously, an emitter electrode and emitter wiring can be omitted and the production 
process of a semiconductor device can be simphfied. 

[0061] In the example 4. above-mentioned example 1, an example 2, and an example 3, although the 
semiconductor device in case active elements are FET and HBT was described, an active element may 
be HEMT, it can manufacture by the approach shown in the example 1 in this case, and the same 
manufacture approach, and the same effectiveness as the semiconductor device of an example 1 is 
acquired. 
[0062] 

[Effect of the Invention] Since it considered as the structure independently carried in the substrate 
principal plane side of the Bahia hall in which the substrate was penetrated and the transistor eel was 
prepared and, which was filled up with the low thermal resistance nature matter inside from the 
surrounding substrate according to the semiconductor device applied to this invention as mentioned 
above While being able to aim at improvement in heat dissipation nature, also when substrate thickness 
of the transistor eel section is set to 30 micrometers or less in order to improve a heat dissipation 
property, it is effective in the ability to acquire the structure which does not produce a substrate crack 
etc. with the thermal stress generated at the time of a soldering activity etc. 

[0063] Moreover, after according to the manufacture approach of the semiconductor device concerning 
this invention forming a metal membrane between a transistor eel and a semi-conductor substrate and 
fixing a transistor eel to a semi-conductor substrate. By etching from a background until the metal 
membrane exposes only the part of the transistor eel bottom of this substrate, form the Bahia hall and a 
transistor eel is separated from a surrounding substrate. Then, since it was filled up with the low thermal 
resistance nature matter in the Bahia hall, there is eflFectiveness that an adverse effect does not attain to a 
transistor even if stress, such as thermal stress at the time of soldering at the time of manufacture, is 
applied to a semi-conductor substrate and that the semiconductor device excellent in heat dissipation 
nature can be manufactured easily. 

[0064] Moreover, after forming the mask which covers a transistor eel all over the principal plane side 
of the semi-conductor substrate in which the transistor eel was formed, and carries out temporary 
immobilization of this according to the manufacture approach of the semiconductor device concerning 
this invention, By etching from a background until the above-mentioned mask which carries out 
temporary immobilization exposes only the part of the bottom in which the above-mentioned transistor 
eel of this semi-conductor substrate exists, form the Bahia hall and a transistor eel is separated from a 
surroimding semi-conductor substrate. Then, since the above-mentioned temporary fixed mask of 
illuminator was removed after being filled up with the low thermal resistance nature matter in the Bahia 
hall There is effectiveness that an adverse effect does not attain to a transistor eel even if stress, such as 
thermal stress at the time of soldering at the time of manufacture, is appUed to a semi-conductor 
substrate and that the senuconductor device excellent in heat dissipation nature can be manufactured 
easily. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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t?F^fi[^-*fcflffi^Sl55>^^U lllt;i4b^V>T. 2 5, 
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structure that a transistor cell 1 5-is mounted on a via 
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resistance substance independently from a 
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